Co‐senior authors.

Background {#onco12060-sec-0001}
==========

Breast cancer is the second highest cause of cancer mortality among American women \[[1](#onco12060-bib-0001){ref-type="ref"}\]. Triple‐negative breast cancer (TNBC) represents approximately 15% of all breast cancers but is associated with high‐grade disease, early visceral metastases, and death \[[2](#onco12060-bib-0002){ref-type="ref"}\], \[[3](#onco12060-bib-0003){ref-type="ref"}\], \[[4](#onco12060-bib-0004){ref-type="ref"}\], \[[5](#onco12060-bib-0005){ref-type="ref"}\].

Currently, there are no targeted therapies for this subtype. MET is a receptor tyrosine kinase that promotes cell proliferation, invasion, and survival when activated by its ligand, hepatocyte growth factor (HGF) \[[6](#onco12060-bib-0006){ref-type="ref"}\]. MET and HGF overexpression are associated with tumor hypoxia, increased invasiveness and metastasis, and reduced survival in metastatic breast cancer \[[7](#onco12060-bib-0007){ref-type="ref"}\], \[[8](#onco12060-bib-0008){ref-type="ref"}\], \[[9](#onco12060-bib-0009){ref-type="ref"}\], \[[10](#onco12060-bib-0010){ref-type="ref"}\], \[[11](#onco12060-bib-0011){ref-type="ref"}\], \[[12](#onco12060-bib-0012){ref-type="ref"}\]. Furthermore, MET expression is disproportionately elevated in TNBC and associated with poorer prognosis \[[13](#onco12060-bib-0013){ref-type="ref"}\], \[[14](#onco12060-bib-0014){ref-type="ref"}\]. MET copy number was found to be elevated in 14% of TNBC, as opposed to 8% of hormone receptorpositive (HR+) breast cancer and 7% of human epidermal growth receptor 2‐positive (HER2+) breast cancer \[[15](#onco12060-bib-0015){ref-type="ref"}\]. Preclinical studies suggest that MET expression drives differentiation of tumors into the TNBC subtype. Mice harboring an activating mutant MET knock‐in or mutant MET transgene under mouse mammary tumor virus promoter developed TNBCs, suggesting that inhibition of MET signaling may be a promising therapeutic approach \[[16](#onco12060-bib-0016){ref-type="ref"}\], \[[17](#onco12060-bib-0017){ref-type="ref"}\].

Cabozantinib (XL184, Exelixis, South San Francisco, CA, <http://www.exelixis.com>) is a small molecule inhibitor of multiple tyrosine kinases, including MET and vascular endothelial growth factor receptor 2 (VEGFR2), a mediator of tumor angiogenesis \[[18](#onco12060-bib-0018){ref-type="ref"}\]. Cabozantinib has demonstrated efficacy in advanced renal cell carcinoma and metastatic medullary thyroid cancers \[[19](#onco12060-bib-0019){ref-type="ref"}\], \[[20](#onco12060-bib-0020){ref-type="ref"}\], \[[21](#onco12060-bib-0021){ref-type="ref"}\]. In this phase II study, we assessed the efficacy and safety and examined potential biomarkers of cabozantinib in metastatic TNBC (mTNBC) patients.

Patients and Methods {#onco12060-sec-0002}
====================

Patient Eligibility {#onco12060-sec-0003}
-------------------

Patients 18 years of age or older with measurable mTNBC were eligible. Triple‐negative status was defined as estrogen receptor‐negative (ER---) (\<10% staining by immunohis‐ tochemistry \[IHC\]), progesterone receptor‐negative (PR---) (\<10% staining by IHC), and HER2‐negative (0 or 1+ by IHC or fluorescence in situ hybridization \[FISH\] \< 2.0). Patients had measurable disease by Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 and may have received 0 to 3 prior chemotherapeutic regimens for mTNBC. They were required to be off any myelosuppressive agent for 21 days before initiation of cabozantinib and must have discontinued all biologic therapy and radiation therapy at least 14 days before initiation of study treatment. Patients were required to have an Eastern Cooperative Oncology Group (ECOG) performance status ≤2 and were required to have availability of formalin‐fixed, paraffin‐embedded (FFPE) tumor tissue. Key exclusion criteria included the following: receipt of another investigational agent within 14 days of the first dose of the study drug; prior receipt of a MET inhibitor other than tivantinib (ARQ‐197); known brain metastases that were untreated, symptomatic, or required therapy to control symptoms; and corrected QT \>470 milliseconds. Research was approved by local human research protections programs and institutional review boards, and studies were conducted in accordance with the Declaration of Helsinki.

Study Design and Treatment {#onco12060-sec-0004}
--------------------------

This was a single‐arm, two‐stage phase II study assessing the efficacy of cabozantinib monotherapy in patients with mTNBC. The study sponsor, Exelixis, provided cabozantinib. Treatment consisted of oral dosing of cabozantinib at 60 mg daily over a 21‐day cycle. Patients underwent radiographic restaging at 6 weeks and every 9 weeks thereafter. Patients with complete or partial RECIST responses continued to receive study treatment, whereas those with progressive disease were taken off study. Dose reductions for toxicity occurred if patients experienced grade 3 or 4 neutropenia or thrombocytopenia, or nonhematologic adverse events. From the starting dose of 60 mg daily, doses were reduced as needed to 40 and 20 mg daily. For the purposes of determining the effect of cabozantinib treatment on pain and analgesic medication use, pain was assessed by a participant‐reported questionnaire, and daily analgesic medication usage was recorded. These were completed at baseline and during week 3, 6, and every 6 weeks thereafter until the date of the participant\'s last follow‐up visit. The primary endpoint was the activity of cabozantinib, as defined by objective response rate (ORR) in patients with mTNBC. Predefined secondary endpoints included progression‐free survival (PFS), toxicity, and pain. Correlative studies included analysis of MET and phospho‐MET expression in archival tumortissue, and molecular and cellular biomarkers of cabozantinib.

Fluorescence In Situ Hybridization Assessment of MET Amplification in Tissue {#onco12060-sec-0005}
----------------------------------------------------------------------------

A MET FISH probe labeled with SpectrumRed and a CEP7 reference probe labeled with SpectrumGreen were purchased from Abbott Molecular (Des Plaines, IL, [https://www.abbottmolecular.com](http://https://www.abbottmolecular.com)). FISH was performed following standard protocols. Briefly, 5 *μ*m tissue slides were baked overnight at 60°C, deparaffinized, treated in 1% sodium borohydride for 4 hours and heated in pressure cooker for 20 minutes in citrate buffer (pH 6). After treatment with 150 *μ*g/mL solution of Proteinase K, slides were fixed in 1% neutral‐buffered formalin and denatured in 70% for mamide for 4 minutes at 72°C. Probes were denatured for 5 minutes at 80°C and incubated for 30 minutes at 37°C for preannealing. Hybridization was carried out overnight at 37°C; posthybridization slide washes were carried out for 20 minutes in 50% for mamide/2 × standard saline citrate (SSC) at 45°C, followed by 5 minutes wash in 1 × SSC at 45°C. FISH signal evaluation and acquisition were performed manually by using filter sets and software developed by Applied Spectral Imaging (Carlsbad, CA, <http://www.spectral-imaging.com>). Several fields with at least 50 tumor cells total were captured, and ratio of MET to CEP7 signal numbers was calculated. An assessment of ploidy was made by visual screening of all tumor area; cells with the maximum number of signals were recorded. MET amplification was defined as a MET/CEP7 ratio ≥2. Samples with a MET/CEP7 ratio between 1.5 and 2 were defined as having relative MET gain. Samples with a MET/CEP7 ratio of 1, but with more than two copies of each probe, were deemed to have polysomy of chromosome 7.

Assessment of MET Amplification in Circulating Tumor Cells {#onco12060-sec-0006}
----------------------------------------------------------

Circulating tumor cells (CTCs) were enriched from 7.5 mL of a patient\'s whole blood at the Circulating Tumor Cell Core Facility (Brigham and Women\'s Hospital, Boston, MA, <http://www.brighamandwomens.org>) by using the Circulating Tumor Cell Profile Kit (Veridex/Janssen Diagnostics, Raritan, NJ, <http://www.janssen.com>). Processed samples were received as cells suspended in 900 *μ*L of buffer. Equal volume of PBS was added before tubes were spun down at 200*g* for 8 minutes. Supernatant was carefully removed, leaving approximately 60 *μ*L of buffer. Cell pellets were gently resuspended, and the suspension was applied on the labeled slide and allowed to dry in the vacuum dessicator at room temperature. Slides were placed in methanol at −20°C for aging and storage.

For FISH, dried slides were treated in 2 × SSC at 37°C for 30 minutes, followed by 10 minutes of treatment with 0.002% pepsin solution in 0.01 M HCl at 37°C and 15 minutes of fixation in 1% formalin at room temperature. Slides were dehydrated in the series of ethanols, dried, and codenatured with MET/CEP7 FISH probe (Kreatech/Leica Microsystems Inc., Buffalo Grove, IL, <http://www.leica-microsystems.com>) on an 80°C plate for 2 minutes. Hybridization was carried out at 37°C overnight, followed by a 0.4 × SSC/0.3% Igepal wash at 72°C for 3 minutes and a 2 × SSC/0.1% Igepal wash at room temperature for 1 minute. Slides were dehydrated in the series of ethanols and dried before application of Vectashield mounting medium with 4′,6‐diamidino‐2‐phenylindole (Vector Laboratories Inc., Burlingame, CA, <http://vectorlabs.com>). FISH signal evaluation and acquisition were performed manually by using filter sets and software developed by Applied Spectral Imaging.

Circulating Biomarker Assays {#onco12060-sec-0007}
----------------------------

Potential biomarkers of cabozantinib activity were identified by measuring plasma proteins at baseline, on day 8 of therapy, on day 1 of each cycle of therapy, and, if available, at the time of progression. Eight milliliters of blood was collected in purple‐ top (plasma EDTA) vacutainers and shipped on wet ice to a Clinical Laboratory Improvement Amendments‐certified core in the Steele Laboratories (Massachusetts General Hospital), where whole blood was separated by centrifugation into cellular fraction and plasma. The fraction of stem/progenitor cell, lymphocyte, and myeloid populations of total circulating mononuclear cells were counted by flow cytometry using a LSR‐II cytometer and FACSDiva software in fresh blood samples using the following markers: CD3, CD4, CD8, CD14, CD25, CD34, CD45, CD56, CD127, and CD133 (Becton Dickinson, Franklin Lakes, NJ, <http://www.bd.com>).

Plasma was prepared in the standard fashion and stored at −78°C until collection and analysis of all samples. The biomarkers measured included VEGF, placental growth factor (PlGF), VEGF‐C, VEGF‐D, soluble VEGFR1 (sVEGFR1), basic fibroblast growth factor (bFGF), and sTie‐2 (using a 7‐plex Growth Factor array) and granulocyte‐macrophage colony stimulating factor (GM‐CSF), interferon γ (IFN‐γ), tumor necrosis factor *α* (TNF‐*α*), and interleukin‐1*β* (IL‐1*β*), IL‐2, IL‐6, IL‐8, IL‐10, and IL‐12 heterodimer p70 (using a 9‐plex Inflammatory Factor array; both Meso Scale Discovery, Gaithersburg, MD, [https://www.mesoscale.com](http://https://www.mesoscale.com)); and HGF, sMET, carbonic anhydrase IX (CAIX), stromal cell‐derived factor 1*α* (SDF1*α*), and sVEGFR2 by single analyte enzyme‐linked immunosorbent assay (R&D Systems, Minneapolis, MN, [https://www.rndsystems.com](http://https://www.rndsystems.com)).

Statistical Analysis {#onco12060-sec-0008}
--------------------

This study used Simon optimal two‐stage design to control type I error at 10% and have at least 90% power to detect the acceptable response rate. By study design, 13 participants were to be enrolled in the first stage. If there was at least 1 response, accrual was to continue to the second stage, where an additional 22 patients were to be enrolled. If there were at least 4 responses among the 35 total patients, the regimen was to be considered worthy of further study. With a true response rate of 5%, the chance that the regimen would be declared worthy of further study was 10%, and with a true response rate of 20%, the chance that the regimen would be declared worthy of further study was 90%.

Objective response was evaluated by using RECIST1.1. Per protocol, patients who do not achieve a confirmed complete response (CR) or confirmed partial response (PR) were considered nonresponders. Objective response rate was reported with 95% confidence interval (CI) for the two stage designs \[[22](#onco12060-bib-0022){ref-type="ref"}\]. PFS and 95% CI were described using Kaplan‐Meier methods. PFS was defined as the duration of time from study entry to time of objective disease progression, or time of death from any cause, whichever came first. For patients who were taken off of protocol treatment for any reason other than progression, the date of PFS was censored at the date of last staging study (either on or off protocol therapy) on which the patient was documented not to have progressed, or the date of initiation of alternative anticancer therapy, whichever came first. Clinical benefit rate was included as an exploratory analysis. Clinical benefit included confirmed CR, PR, and stable disease (SD) of 15 weeks or longer. If patients had unconfirmed PR followed by SD, they were considered to receive clinical benefit.

Descriptive statistics were used to summarize biomarker values at protocol‐specific time points. The Wilcoxon ranked sum test evaluated the difference of baseline biomarker values between patients who did or did not experience clinical benefit. The Wilcoxon signed rank test assessed biomarker change from day 1 to 8. Mixed effects linear models assessed the change in biomarker values at days 1, 8, 22, 43, and 64; values beyond day 64 were not analyzed because of the small number of patients still on protocol. In the mixed effects linear model, the fixed effects were times of assessment, and patients were entered as a random effect. Logarithmic transformation was used to achieve normality, when applicable. Baseline biomarkers were stratified by using the median values for the entire cohort. The log‐rank test compared PFS among patients with low or high baseline sMET. All tests were conducted with two‐sided *α* = 0.05. The Benjamini‐Hochberg procedure was used to adjust *p* values to control the false discovery rate from evaluating multiple circulating biomarkers \[[23](#onco12060-bib-0023){ref-type="ref"}\].

Results {#onco12060-sec-0009}
=======

Patient Characteristics {#onco12060-sec-0010}
-----------------------

Thirty‐five mTNBC patients were enrolled between January 2013 and June 2014---after signing an informed consent form---and were included in the analyses. Median age was 50 years (range 31--78); patients had received 0 (*n* = 6; 17%), 1 (*n* = 18; 51%), 2 (*n* = 4; 11%), or 3 (*n* = 7; 20%) lines of chemotherapy for mTNBC (Table [1](#onco12060-tbl-0001){ref-type="table"}). The median number of metastatic sites was 3 (range 1--6). The most common sites of metastatic disease were regional lymph nodes (*n* = 26; 74%), lung (*n* = 18; 51%), breast or chest wall (*n* = 16; 46%), bone (*n* = 13; 37%), and liver (*n* = 12; 34%).

###### Baseline patient and tumor characteristics

![](onco12060-tbl-0001){#nlm-graphic-1}

*n* = 35.

Including chemotherapy for local in‐breast or nodal recurrence that was completely removed by surgery before the diagnosis of metastatic disease.

Including chemotherapy for local in‐breast or nodal recurrence not completely removed by surgery.

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Efficacy {#onco12060-sec-0011}
--------

Patients received a median of 3 cycles (9 weeks) of therapy (range 1--17). One patient achieved a PR within the first 13 patients, so the study was continued to the second stage. A total of 3 patients achieved PR (ORR, 9% \[95% CI: 2, 26\]; Table [2](#onco12060-tbl-0002){ref-type="table"} and Fig. [1](#onco12060-fig-0001){ref-type="fig"}A). Thus, the study did not reach the level of clinical activity to define success under the Simon 2‐stage design. Of these patients, one received 17 cycles of protocol therapy and was on treatment for 11.7 months, and another received 8 cycles of protocol therapy and was on treatment for 6.5 months. Twenty of 35 patients (57%) had SD as their best response, and 9 of 35 (26%) patients had SD for \>15 weeks. The clinical benefit rate at 15 weeks was 34% \[95% CI: 19%, 52%\], and the median PFS was 2.0 months \[1.3, 3.3\] (Fig. [1](#onco12060-fig-0001){ref-type="fig"}B).

![Efficacy data and biomarker associations for cabozantinib in metastatic triple‐negative breast cancer (mTNBC) patients. **(A)**: Waterfall plot of objective responses by Response Evaluation Criteria in Solid Tumors 1.1. **(B, C)**: Kaplan‐Meier survival distributions in mTNBC patients: progression‐free survival (PFS) **(B)** and PFS stratified by baseline circulating soluble MET level **(C)**. \*, *p* \< .05.\
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.](onco12060-fig-0001){#onco12060-fig-0001}

###### Best overall response by RECIST 1.1

![](onco12060-tbl-0002){#nlm-graphic-7}

Including 7 patients (20%) with clinically progressive disease before protocol‐specified tumor assessment.

Abbreviations: PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.

Twenty‐one of 24 patients who reported pain upon entering the study completed at least one pain survey at week 1 or 4. Eleven (52%) of them reported a decrease in pain since baseline, and 10 of these had discontinued using pain medications.

Toxicity {#onco12060-sec-0012}
--------

The most common toxicities (all grades that were possibly related to protocol therapy) were fatigue (77%), diarrhea (40%), oral mucositis (37%), and palmar‐plantar erythrody sesthesia (PPE; 37%; Table [3](#onco12060-tbl-0003){ref-type="table"}). There were 15 grade 3 adverse events, including elevated aspartate aminotransferase (*n* = 2), elevated lipase (*n* = 3), or hypertension (*n* = 2). There were no grade 4 toxicities. Twelve patients (34%) required dose reduction, 4 due to PPE and 8 due to other toxicities. All but one patient omitted at least one dose while on protocol therapy, 26 due to toxicity and 8 due to other reasons ([supplemental online Table 1](http://theoncologist.alphamedpress.org/lookup/suppl/doi:10.1634/theoncologist.2016-0229/-/DC1)). Overall, 32 patients (91%) went off treatment due to progressive disease and 3 (9%) due to toxicity.

###### Summary of adverse events with at least 20% incidence (all grades) or any grade 3 or 4 event that was deemed related (definite, probable, or possible) to protocol therapy

![](onco12060-tbl-0003){#nlm-graphic-9}

Abbreviation: PPE, palmar‐plantar erythrodysesthesia.

MET Amplification and Expression {#onco12060-sec-0013}
--------------------------------

Archival tissue analysis showed MET amplification in 2 of 35 patients (MET/CEP7 2.14 and 2.16), and relative MET amplification (MET/CEP7 1.7) in 1 patient. These 3 patients were also the only ones to show relative MET gain in CTCs.

Plasma Biomarkers {#onco12060-sec-0014}
-----------------

Cabozantinib treatment was associated with an increase in plasma PlGF, VEGF, and VEGF‐D from baseline to day 22, which was maintained at day 64 (*p* \< .001). Plasma CAIX also increased and sVEGFR2 decreased at days 43 and 64 (*p* \< .001). Plasma HGF initially decreased at day 8, and then increased at day 64 (*p* = .02), whereas plasma SDF1*α* transiently increased at day 22 (*p* = .002) (Table [4](#onco12060-tbl-0004){ref-type="table"}). Plasma sVEGFRl, sMET, sTIE‐2, or bFGF did not significantly change over time (Table [4](#onco12060-tbl-0004){ref-type="table"}). The kinetics of VEGF‐C, GM‐CSF, IL‐l*β*, IL‐2, IFN‐γ, IL‐6, IL‐8, IL‐10, TNF‐*α*, and IL‐12/p70 were not analyzed because of the large number of undetectable measurements.

###### Change in plasma biomarkers

![](onco12060-tbl-0004){#nlm-graphic-11}

Median and IQR for VEGF‐C, GM‐CSF, IL‐1b, IL‐2, IFN‐g, IL‐6, IL‐8, IL‐10, TNF‐a, and IL‐12/p70 were not tabulated because the majority of them had median values under the detectable threshold.

*p* values were from mixed effects linear model, adjusted for multiple comparison using false‐discovery rate method.

Abbreviations: bFGF, basic fibroblast growth factor; CAIX, carbonic anhydrase IX; GM‐CSF, granulocyte‐macrophage colony stimulating factor; HGF, hepatocyte growth factor; IFN‐*γ*, interferon *γ*; IL‐1*β*, interleukin 1*β*; IQR, interquartile range; PlGF, placental growth factor; SDF1*α*, stromal cell‐derived factor 1*α*; sFLT‐1, soluble fms‐like tyrosine kinase 1; sMET, soluble MET; TNF‐*α*, tumor necrosis factor *α*; VEGF, vascular endothelial growth factor; VEGFR2, vascular endothelial growth factor receptor 2.

Of all biomarkers analyzed at baseline, only high baseline sMET (≥795 ng/mL median value) was associated with prolonged PFS (median PFS 3.3 months, lower 95% confidence limit 2.4), compared with low sMET ( \<795 ng/mL, median PFS 1.3 \[1.3, 3.3\] months, *p* = .03) (Fig. [1](#onco12060-fig-0001){ref-type="fig"}C). There was a nonsignificant trend toward greater baseline sMET in patients with clinical benefit (1,008 pg/mL \[interquartile range (IQR): 858, 1089\] compared with those who did not (759 pg/mL \[IQR: 663, 921\]) (unadjusted *p* = .06). The changes in plasma VEGF‐C at day 22 correlated with clinical benefit (*p* = .03), but only samples from 19 of 35 patients were available at this time‐point.

Cell Biomarkers {#onco12060-sec-0015}
---------------

After cabozantinib treatment, we detected a significant increase in the fraction of circulating CD3 + cells and CD3 + CD4‐CD8 + T lymphocytes at days 22 and 64 (*p* = .04 and *p* = .01, respectively), and a decrease in percentage of CD14+ monocytes at days 22 and 64 (*p* = .01) (Table [5](#onco12060-tbl-0005){ref-type="table"}). There was a nonsignificant trend toward increase in CD3+CD4+CD8− T (*p* = .08) and CD3‐CD56 + NK lymphocytes (*p* = .07), but changes in the fractions of CD133 + progenitor/stem cells, CD4+CD25 + regulatory T cells, CD4+CD127 + memory T cells, or CD3+CD56 + NKT cells (Table [5](#onco12060-tbl-0005){ref-type="table"}). None of the cell biomarkers associated with outcome measures.

###### Change in circulating cell subpopulations evaluated by flow cytometry

![](onco12060-tbl-0005){#nlm-graphic-13}

*p* values were from mixed effects linear model and adjusted for multiple comparison using false‐discovery rate method.

Abbreviations: CTLs, cytotoxic T lymphocytes; IQR, interquartile range; NK cells, natural killer cells; NKT cells, natural killer T cells; Tregs, regulatory T cells; WBC, white blood cells.

Discussion {#onco12060-sec-0016}
==========

Cabozantinib monotherapy did not meet the prespecified efficacy endpoint (ORR was 9%) but showed a clinical benefit rate of 34% at 15 weeks and a median PFS of 2.0 months in pretreated mTNBC patients. Treatment was well tolerated, and most common grade 3 toxicities were fatigue, diarrhea, oral mucositis, and PPE. Patients often reported decreases in pain, with some able to discontinue analgesics, consistent with previous results showing improvements in pain and reduction in narcotic use after cabozantinib \[[24](#onco12060-bib-0024){ref-type="ref"}\].

MET remains an attractive target in TNBC, as shown in recent preclinical studies \[[25](#onco12060-bib-0025){ref-type="ref"}\]. Two patients enrolled in this study (6%) had tumors with MET amplification (consistent between archival tumor specimen and CTC evaluations), one of whom discontinued therapy due to toxicity. Thus, no potential correlation could be established between MET amplification and response. However, high baseline plasma concentrations of sMET were associated with longer PFS, indicating that cancers producing increased sMET may be more likely to respond to MET inhibition. Larger randomized studies should validate the association of sMET with outcomes (OS, PFS, or pain) and to establish whether sMET is a prognostic or predictive in TNBC. The concentration of plasma HGF, the MET ligand, was lower in patients with clinical benefit versus those without, but this association did not reach statistical significance. Further larger studies examining the association of MET amplification in the tumor and circulating HGF with response to MET inhibition in TNBC are warranted.

Cabozantinib treatment was associated with changes in biomarker concentrations that are consistent with antivascular effects and increases in tissue hypoxia---increases in plasma CAIX, PlGF, VEGF, VEGF‐D, and SDF1a Moreover, cabozantinib significantly decreased plasma concentrations of sVEGFR2, a potential "pharmacodynamic" biomarker for anti‐VEGFR2 TKIs \[[26](#onco12060-bib-0026){ref-type="ref"}\]. None of these systemic changes were associated with clinical outcomes. An increase in plasma VEGF‐C associated with lack of clinical benefit and is worthy of further investigation \[[26](#onco12060-bib-0026){ref-type="ref"}\], \[[27](#onco12060-bib-0027){ref-type="ref"}\].

Flow‐cytometric analyses showed a persistent increase in the fraction of circulating CD3 + T cells after cabozantinib therapy, largely driven by the increased CD4‐/CD8+ cytotoxic T lymphocyte (CTL) population. Moreover, there was a persistent decrease in the CD14+ monocytes, a mixed population that encompasses immunosuppressive and proangiogenic myeloid cells. These findings may reflect an activation of systemic antitumor immunity after treatment with cabozantinib, as observed in preclinical models \[[28](#onco12060-bib-0028){ref-type="ref"}\], \[[29](#onco12060-bib-0029){ref-type="ref"}\], but did not associate with outcome. These findings are provocative given recent interest in combining cabozantinib with immune checkpoint inhibitors \[[30](#onco12060-bib-0030){ref-type="ref"}\] (NCT02496208).

The mechanism of action and of clinical benefit of VEGFR and MET inhibitors, when used alone or in combination, remains unclear. Several VEGF and MET inhibitors have been previously shown to be ineffective in metastatic breast cancer \[[31](#onco12060-bib-0031){ref-type="ref"}\], \[[32](#onco12060-bib-0032){ref-type="ref"}\]. The mechanism of benefit to VEGF blockade may be related to vascular normalization rather than antivascular effects and inducing hypoxia in the tumors \[[33](#onco12060-bib-0033){ref-type="ref"}\]. HGF and MET are hypoxia‐inducible proteins, and increased MET expression after VEGFR2 inhibition has been associated with evasive treatment resistance \[[34](#onco12060-bib-0034){ref-type="ref"}\], \[[35](#onco12060-bib-0035){ref-type="ref"}\]. Unfortunately, antibody blockade of both VEGF (bevacizumab) and MET (onartuzumab) with paclitaxel demonstrated no clinical benefit in patients with mTNBC who had not previously received paclitaxel for metastatic disease \[[36](#onco12060-bib-0036){ref-type="ref"}\]. Our circulating biomarker data indicate that cabozantinib might have potent antivascular effects in mTNBC. To overcome these limitations, our hypothesisgenerating results indicate that (a) sMET should be further studied as a potential biomarker of response and (b) the systemic changes in antitumor immunity may be leveraged by rational combinations with immunotherapies.

Our study has several limitations, related to the single‐arm design and small number of patients. Clinically, the median PFS was modest, largely driven by the early PD in the patients without benefit. Future studies (such as NCT01441947 and NCT02260531) are warranted and should validate our biomarker data and characterize the tumors in the patients who benefit from therapy.

Conclusion {#onco12060-sec-0017}
==========

Our phase II study of cabozantinib showed an ORR of 9%, preliminary activity and favorable safety in mTNBC patients. Exploratory analyses showed that circulating sMET levels may be potentially a response biomarker for cabozantinib and that this agent may have an intriguing immunomodulatory activity. These hypotheses should be tested in larger studies in mTNBC and other malignancies.

See <http://www.TheOncologist.com> for supplemental material available online.
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